Blister aneurysms of the supraclinoid ICA represent a rare but potentially catastrophic cause of SAH, often presenting both diagnostic and therapeutic dilemmas. We explore the utility of CTA in the identification and characterization of ICA blister aneurysms.
C
TA is being increasingly used in the diagnostic triage of SAH. 1 Ruptured intracranial aneurysms represent a high percentage of SAH, and CTA has been shown to have a high sensitivity and specificity in detecting these ruptured aneurysms. [2] [3] [4] However, with its temporal and higher spatial resolution, DSA remains the criterion standard for evaluating SAH. 5 ICA blister aneurysms are rare wide-neck shallow aneurysms arising from nonbranching sites on the wall of the supraclinoid ICA. 6 They differ both morphologically and histologically from saccular aneurysms and likely represent a distinct pathophysiology, appearing to more closely resemble pseudoaneurysms. 7 As such, they are a potentially catastrophic cause of SAH, often presenting both diagnostic and therapeutic dilemmas. Their shallow profiles and broad bases make them difficult to detect with imaging.
In this case series, we demonstrate the imaging appearance of ICA blister aneurysms and explore the utility of CTA in the identification and characterization of these lesions.
Materials and Methods
We performed a retrospective review of all catheter cerebral angiograms performed at our institution during an 8-month period (July 2007 through March 2008) for evaluation of SAH, identifying 6 cases diagnosed as ICA blister aneurysms. A total of 119 cerebral angiograms were obtained during that time period, identifying 89 ruptured aneurysms. ICA blister aneurysms were defined as shallow broadbased aneurysms arising from nonbranching sites of the supraclinoid ICA. These aneurysms have a characteristic triangular appearance and are clearly not associated with the supraclinoid ICA branch vessels. All patients underwent both CTA and DSA in the diagnostic evaluation of SAH. Postprocessing of CTA images included MPRs, MIPs, and volume-rendered 3D images.
Analysis of both prospective and retrospective data was performed. The official reports (reviewed and signed by the attending physician) from the CTA and DSA studies were reviewed to identify ICA blister aneurysms diagnosed prospectively by the interpreting physician. At our institution, CTA images are interpreted by the diagnostic neuroradiology staff, while DSA images are interpreted by the interventional neuroradiology staff. Retrospective review of the CTA and DSA images was also performed by 2 experienced interventional neuroradiologists (A.J.E., M.E.J.) and 1 experienced diagnostic neuroradiologist (P.R.). This was performed to compare these images with the prospective diagnoses, to determine whether diagnostic differences between CTA represented real findings or misinterpretation and to correlate the imaging characteristics of these aneurysms between the 2 modalities. Both prospective and retrospective interpretations of CTA data included evaluation of source, MPR, MIP, and volume-rendered 3D images. Review of the interpretations and im-ages was also performed for any follow-up studies, again to identify residual ICA blister aneurysms and to determine the correlation between the postprocedural CTA and DSA appearances. The physicians performing retrospective review were not blinded to the prospective findings.
Results
Six patients were included in this cohort, all diagnosed by DSA with ICA blister aneurysms. The cohort included 5 women and 1 man, with a mean of 50 years of age (range, 39 -69 years of age).
All 6 patients presented with SAH, diagnosed by unenhanced head CT. The average Hunt and Hess grade at admission was 2.2 (range, 1-3), and the average Fisher grade was 3.2 (range, 1-4). All patients subsequently underwent diagnostic CTA before DSA evaluation. All 6 aneurysms were identified prospectively on initial DSA imaging. Of the 6 patients diagnosed with ICA blister aneurysms, 4 (67%) were identified prospectively on CTA, with the other 2 (33%) not identified prospectively by CTA (false-negatives). On retrospective review of the initial CTA images, 5 of the 6 (83%) aneurysms were identified. One of the prospectively missed aneurysms on CTA was retrospectively seen, though partially obscured by a poor imaging technique. In this case, CTA image acquisition was inadvertently performed by using thicker sections; lowering the resolution of the source, MPR, and MIP images; and introducing step-off artifacts. The other missed aneurysm was not identifiable on CTA either prospectively or retrospectively. The initial CTA morphology of the 4 visible aneurysms closely correlated with the imaging characteristics demonstrated on DSA.
All 6 patients underwent endovascular treatment with stent placement, with an overlapping stent technique. Three of these patients subsequently underwent coil embolization, 1 of which subsequently needed parent vessel (ICA) coil occlusion for definitive treatment.
All 6 patients underwent follow-up DSA imaging (currently ranging from 6 to 12 months). However, CTA is not routinely used for long-term follow-up and is usually performed in the early posttreatment period for evaluation of other complications, such as vasospasm. Therefore, only 4 of the 6 aneurysms underwent follow-up CTA (range, 9 -22 days), including both of the aneurysms that had been prospectively unidentifiable preprocedurally. All 4 of these blister aneurysms were seen postprocedurally by DSA. Three of these 4 (75%) residual aneurysms were prospectively detected by CTA, while the fourth was not visible by CTA, either prospectively or retrospectively. The 2 patients who did not undergo follow-up CTA imaging showed no residual aneurysm on intermediate DSA imaging follow-up.
The 2 aneurysms undergoing CTA follow-up that were prospectively identified by CTA preprocedurally showed imaging characteristics that closely correlated with the DSA findings, with aneurysm patency demonstrated on both modalities. The aneurysm that had been retrospectively identified on initial CTA became clearly visible on the follow-up CTA, closely correlating with the morphology of the aneurysm on follow-up DSA. The other previously undetected aneurysm remained undetectable on the follow-up study, despite demonstrating patency on the correlative follow-up DSA.
Discussion
The term "blister aneurysm" has been used to describe aneurysms arising from nonbranching sites of the wall of the supraclinoid ICA. 8 These lesions, with an estimated incidence of 0.9%-6.5% of ruptured intracranial aneurysms, 6 represent a rare but potentially catastrophic cause of SAH, often presenting both diagnostic and therapeutic challenges. Compared with saccular aneurysms, these lesions tend to have a more precipitous clinical course, enlarging rapidly and rebleeding frequently. Morphologically, they appear as wide-neck shallow outpouchings of the anterior, medial, or lateral wall of the supraclinoid ICA (Fig 1) . At surgery, they often contain a fragile thin wall and a broad communication with the parent vessel, without an identifiable neck. Histologically, these lesions have been shown to represent focal wall defects covered with thin fibrous tissue and adventitia, lacking the usual collagen layer, findings indicative of pseudoaneurysms. 7 All lesions in our study arose from nonbranching sites of the supraclinoid ICA, evenly distributed between the anterior, medial, and lateral walls. Initial DSA imaging in all cases demonstrated a characteristic shallow triangular appearance with a broad-based attachment to the parent vessel. The 4 blister aneurysms that were diagnosed prospectively with CTA closely resembled their DSA counterparts (Fig 2) , as did the 3 identified by CTA on short-term follow-up (Fig 3) . Indeed, the subtlety of these aneurysms often represents a diagnostic challenge, both with CTA and DSA. As they evolve, these lesions often become more evident, enlarging and taking on a more saccular appearance (Fig 4) .
Because of the broad-based shallow profiles of these aneurysms, in addition to an understanding of the morphology and distribution of these lesions, meticulous technique and a high index of suspicion are often both necessary to make this diagnosis.
Numerous studies have been published in the medical literature describing the sensitivity and specificity of CTA in the detection of intracranial aneurysms in the setting of SAH. Indeed, at our institution, we use this technology to triage patients with SAH, which helps define lesions and treatment and tailors informed consent for patients and their families. However, our results in this small cohort with blister aneurysms of (black arrowhead, B) , though the dome of the aneurysm appears slightly more prominent on the DSA study (B). Note that the radiopaque tines of the overlapping stents used in the treatment are clearly seen on the CTA image (black arrows, A) but not on the DSA image. the supraclinoid ICA show that CTA may lack the sensitivity to effectively exclude the presence of this entity. This finding is not altogether surprising given the small size and shallow profiles of these aneurysms, because CTA lacks the spatial resolution of DSA imaging.
Our study illustrates the importance of optimizing CTA techniques in identifying these lesions. One of our CTA studies that produced a prospective false-negative result showed improper data acquisition and processing, resulting in suboptimal MPRs and 3D images. In this case, CTA image acquisition was inadvertently performed by using thicker sections; lowering the resolution of the source, MPR, and MIP images; and introducing step-off artifacts. In retrospect, this lesion was present on the CTA but was largely obscured due to the poor imaging technique (Fig 5) . Our follow-up CTA in this patient, with its improved technique, which included decreased section thickness and increased pitch, clearly evinced the lesion (Fig 6) . In our experience, other technical factors, such as improper bolus timing and venous contamination, have also been proved to obscure small aneurysms.
Our other false-negative CTA finding is more perplexing. Both the initial and follow-up CTA findings were negative, whereas both corresponding DSA studies showed relatively obvious abnormalities (Fig 7) . The imaging and postprocessing techniques appear to have been optimized in both of these CTAs, but the abnormality remained invisible. Timing may have been a contributing factor, with a time delay of 3 days between each CTA and its corresponding DSA. Such a time lapse could certainly allow growth of the lesion, because we have noted that these blister aneurysms tend to grow rapidly. Spatial resolution probably did not contribute because lesions of a similar size were clearly visible in the 4 patients in whom the lesions were identified with CTA.
Our study is limited by its retrospective evaluation and small study size. Although our case series suggests that CTA is insufficiently sensitive to exclude the presence of ICA blister Fig 5) , the residual blister aneurysm (white arrow) is much more clearly identified (A and B) and closely resembled the appearance of the aneurysm on the correlative DSA (black arrow, C). Note the radiopaque tines of the overlapping stents used in the treatment identified on the CTA images (black arrowheads, A).
aneurysms, further investigation with a larger patient population and prospective evaluation would more clearly delineate these findings.
Conclusions
Blister aneurysms of the supraclinoid ICA remain an elusive diagnosis, particularly by using CTA. ICA blister aneurysm can be accurately diagnosed and characterized by CTA with a relatively high sensitivity, but not in 100% of cases. Thus, in the face of SAH and otherwise negative CTA findings, a catheter cerebral angiogram should be obtained to absolutely exclude a blister aneurysm. 
